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This invention provides novel methods and reagents for specifically delivering biologically active compounds to phagocytic mammalian 
cells. The invention also relates to specific uptake of such biologically active compounds by phagocytic cells and delivery of such compounds 
to specific sites intracellularly. The invention specifically relates to methods of facilitating the entiy of antimicrobial drugs and other agents 
into phagocytic cells and for targeting such compounds to specific organelles within the cell. The invention specifically provides compositions 
of matter and pharmaceutical embodiments of such compositions comprising conjugates of such antimicrobial drugs and agents covalently 
linked to particulate carriers generally termed microparticles. In particular embodiments, the antimicrobial drug is covalently linked to a 
microparticle via an organic linker molecule which is the targeted of a microorganism-specific protein having enzymatic activity. Thus, 
the invention provides cell targeting of drugs wherein the target drug is only released in cells infected with a particular microorganism. 
Alternative embodiments of such specific drug delivery compositions also contain polar lipid carrier molecules effective in achieving 
intracellular organelle targeting in infected phagocytic mammalian cells. Particular embodiments of such conjugates comprise antimicrobial 
drugs covalently Imked both to a microparticle via an organic linker molecule and to a polar lipid compound, to facilitate targeting of such 
drugs to particular subcellular organelles withm the cell Also provided are porous microparticles impregnated with antimicrobial drugs and 
agents wherein the surface or outside extent of the microparticle is covered with a degradable coating that is specifically degraded within 
an mfected phagocytic mammalian cell. Methods of inhibiting, attenuating, arresting, combatting and overcoming microbial infection of 
phagocytic mammalian cells in vivo and in vitro are also provided. 
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COVALENT MICROPARTICLE DRUG CONJUGATES FOR 
BIOLOGICAL TARGETING 

BACKGROUND OF THE INVENTION 

This invention was made with government support under grant 1-ROl- 
CA49416 by the National Institutes of Health. The government has certain rights in 
the invention. 

1. Field of the Invention 

This invention relates to methods of facilitating the entry of biologically-active 
compounds into phagocytic cells and for targeting such compounds to specific 
organelles within the cell. The invention specifically provides compositions of 
matter and pharmaceutical embodiments of such compositions comprising conjugates 
of such biologically-active compounds covalently linked to particulate carriers 
generally termed microparticles. Particular embodunents of such compositions 
include compositions wherein the biologically-active compounds are antimicrobial 
drugs. In such compositions the antimicrobial drug is covalently linked to a 
microparticle via an organic linker molecule which is the target of a microorganism- 
specific protein having enzymatic activity. Thus, the invention provides cell 
targeting of drugs wherein the targeted drug is only released in cells infected with 
a particular microorganism. Alternative embodiments of such specific drug delivery 
compositions also contain polar lipid carrier molecules. Particular embodiments of 
such conjugates comprise antimicrobial drugs opvalently linked both to a 
microparticle via an organic linker molecule and to a polar lipid compound, to 
facilitate targeting of such drugs to particular subcellular organelles within the cell. 

2. Background of the Related Art 

A major goal in the pharmacological arts has been the development of 
methods and compositions to facilitate the specific delivery of therapeutic and other 
agents to the appropriate cells and tissues that would benefit from such treatment, 
and the avoidance of the general physiological effects of the inappropriate delivery 
of such agents to other cells or tissues of the body. The most common example of 
the need for such specificity is in the field of antineoplastic therapy, in which the 



^°'S'^2002 PCT/US95/06180 

amount of a variety of anti-neoplastic agents that can be safely administered to a 
patient is limited by their cytotoxic effects. 

It is also recognized in the medical arts that certain subcellular organelles are 
the sites of pharmacological action of certain drugs or are involved in the biological 
5 response to certain stimuli. Specific delivery of diagnostic or therapeutic compounds 
to such intracellular organelles is thus desirable to increase the specificity and 
effectiveness of such clinical diagnostic or therapeutic techniques. 
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A. Drug Targeting 

It is desirable to increase the efficiency and specificity of administration of 
a therapeutic agent to the cells of the relevant tissues in a variety of pathological 
states. This is particularly important as relates to antimicrobial drugs. These drugs 
typically have pleiotropic antibiotic and cytotoxic effects that damage or destroy 
uninfected cells as well as infected cells. Thus, an efficient deliveiy system which 
15 would enable the delivery of such drugs specifically to mfected cells would increase 
the efficacy of treatment and reduce the associated "side effects" of such drug 
treatments, and also serve to reduce morbidity and mortality associated with clinical 
administration of such drugs. 

Numerous methods for enhancing the cytotoxic activity and the specificity of 
antimicrobial drug action have been proposed. One method, receptor targeting, 
involves linking the therapeutic agent to a ligand which has an affinity for a receptor 
expressed on the desked target cell surface. Using this approach, an antimicrobial 
agent or drug is intended to adhere to the target ceU following formation of a ligand- 
receptor complex on the cell surface. Entry into the cell could then follow as the 
result of internalization of ligand-receptor complexes. Following internalization, the 
antimicrobial drug may then exert its therapeutic effects directly on the cell. 

One limitation of the receptor targeting approach lies in the fact that there are 
only a finite number of receptors on the surface of target cells. It has been estimated 
that the maximum number of receptors on a cell is approximately one million 
(Darnell etal., 1986. Molecular CeU Biology, 2d ed., W.H. Freeman: New York, 
1990). This estimate predicts that there may be a maximum one million drug- 
conjugated ligand-receptor complexes on any given cell. Since not all of the ligand- 
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receptor complexes may be internalized, and any given ligand-receptor system may 
express many-fold fewer receptors on a given cell surface, the efficacy of 
intracellular drug delivery using this approach is uncertain. Other known 
intracellular ligand-receptor complexes (such as the steroid hormone receptor) 
5 express as few as ten thousand hormone molecules per cell. Id. Thus, the ligand- 
receptor approach is plagued by a number of biological limitations. 

Other methods of delivering therapeutic agents at concentrations higher than 
those achievable through the receptor targeting process include the use of lipid 
conjugates that have selective affinities for specific biological membranes. These 

10 methods have met with little success, {see, for example, Remy et ai, 1962, 7. Org, 
Chem. 21: 2491-2500; Mukhergee & Heidelberger, 1962, Cancer Res. 22: 815-22; 
Brewster et a/., 1985, 7. Pharm. Sci. 77: 981-985). 

Liposomes have also been used to attempt cell targeting. Rahman et aL, 
1982, Life Sci. 31: 2061-71 found that liposomes which contained galactolipid as part 

15 of the lipid appeared to have a higher affmity for parenchymal cells than liposomes 
which lacked galactolipid. To date, however, efficient or specific drug delivery has 
not been predictably achieved using drug-encapsulated liposomes. There remains a 
need for the development of cell-specific and organelle-specific targeting drug 
delivery systems. 

20 

Phagocytic Cell-Specific Targeting 
Cell-specific targeting is also an important goal of antimicrobial therapy, 
particularly in the event that a specific cell type is a target of acute or chronic 
infection. Targeting in the case of infection of a specific cell type would be 

25 advantageous because it would allow administration of biologically-toxic compounds 
to an animal suffering from infection with a microbial pathogen, without the risk of 
non-specific toxicity to unmfected cells that would exist with nontargeted 
administration of the toxic compound. An additional advantage of such targeted 
antimicrobial therapy would be improved pharmacokinetics that would resuh from 

30 specific concentration of the antunicrobial agent to the sites of infection, i.e., the 
infected cells. 

Phagocytic cells such as monocytes and macrophages are known to be specific 
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targets for infection of certain pathogenic microorganisms. 

Sturgill-Koszycki et aL, 1994, Science 263: 678-681 disclose that the basis 
for lack of acidification of phagosomes in M. avium and M. tuberculosis-ixiftctcd 
macrophages is exclusion of the vesicular proton-ATPase. 

Sierra-Honigman et aL, 1993, 7. Neuroimmunol 45: 31-36 disclose Boma 
disease virus infection of monocytic cells in bone marrow. 

Maciejewski et al., 1993, ViroL 195: 327-336 disclose human 
cytomegalovirus infection of mononucleated phagocytes in vitro. 

Alvarez-Dominguez etaL, 1993, Infect. Immun. 61: 3664-3672 disclose the 
involvement of complement factor Clq in phagocytosis of Listeria monocytogenes 
by macrophages. 

Kanno et aL, 1993, J. Virol 67: 2075-2082 disclose that Aleutian mink 
disease parvovirus replication depends on differentiation state of the infected 
macrophage. 

Kanno et al., 1992, /. ViroL 66: 5305-5312 disclose that Aleutian mink 
disease parvovirus infects peritoneal macrophages in nunk. 

Narayan et aL, 1992, J. Rheumatol. 32: 25-32 disclose arthritis in animals 
caused by infection of macrophage precursors with lentivirus, and activation of 
quiescent lentivirus infection upon differentiation of such precursor cells mto 
terminally-differentiated macrophages. 

Horwitz, 1992, Curr. Top. Microbiol. Immunol. 181: 265-282 disclose 
Legionella pneumophila infections of alveolar macrophages as the basis for 
Legionnaire's disease and Pontiac fever. 

Sellone/a/., 1992,7. ViroL 66: 5906-5913 disclose equine infectious anemia 
virus replicates in tissue macrophages in vivo. 

Groisman^ra/., 1992, Proc. NatL Acad. ScL USA §9: 11939-11943 disclose 
that S. typhimurium survives mside infected macrophages by resistance to 
antibacterial peptides. 

Friedman et aL, 1992, Infect. Immun. 6Q: 4578-4585 disclose Bordetella 
pertussis infection of human macrophages. 

Stellrecht-Broomhall, 1991, Viral ImmunoL 4: 269-280 disclose that 
lymphocytic choriomeningitis virus infection of macrophages promotes severe anemia 
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caused by macrophage phagocytosis of red blood cells. 

Frehel etal, 1991. Infect. Immun. 59: 2207-2214 disclose infection of spleen 
and liver-specific inflammatory macrophages by Mycobacterium avium, the existence 
of the microbe in encapsulated phagosomes within the inflammatory macrophages 
and survival therein in phagolysosomes. 

Bromberg et at., 1991, Infect. Immun. 59: 4715-4719 disclose intracellular 
infection of alveolar macrophages. 

Mauel, 1990. J. Leukocyte Biol. 47: 187-193 disclose ihsX Leishmania spp. 
are intracellular parasites in macrophages. 

Buchmeier and Heffron, 1990. Science 248: 730-732 disclose that Salmonella 
typhimurium infection of macrophages induced bacterial stress proteins. 

Panuska et al., 1990, J. Clin. Invest. 86: 113-119 disclose productive 
infection of alveolar macrophages by respiratory syncytial virus. 

Cordier et al., 1990, Clin. Immunol. Immunopathol. 55: 355-367 disclose 
infection of alveolar macrophages by visna-maedi virus in chronic interstitial lung 
disease in sheep. 

Schlessinger and Horwitz, 1990. J. Clin. Invest. 85: 1304-1314 disclose 
Mycobacterium leprae infection of macrophages. 

Clarke et al., 1990, AIDS ±: 1133-1136 disclose human immunodeficiency 
vims infection of alveolar macrophages in lung. 

Baroni et al., 1988, Am. J. Pathol. 133: 498-506 disclose human 
immunodeficiency virus infection of lymph nodes. 

Payne et al, 1987. J. Exp. Med. 166: 1377-1389 disclose Mycobactertium 
tuberculosis infection of macrophages. 

Murray et al., 1987, J. Immunol. 138: 2290-2296 disclose that Uver Kupffer 
cells are the initial targets for L. donovani infection. 

Koenig et al, 1986, Science 233: 1089-1093 disclose human 
immunodeficiency virus infection of macrophages in the central nervous system. 

Horwitz and Maxfield, 1984, J. Cell Biol. §9: 1936-1943 disclose that L. 
pneumophila survives in infected phagocytic cells at least in part by inhibiting 
reduction of intraphagosomic hydrogen ion concentration (pH). 

Shanley and Pesanti, 1983, Infect. Immunol. H: 1352-1359 disclose 
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cytomegalovirus infection of macrophages in murine cells. 

Horwitz, 1983. /. Exp. Med. 158: 2108-2126 disclose that L. pneumophila 
is an obligate intracellular parasite that is phagocytized into a phagosome wherein 
fusion with lysosome is inhibited. 

Chang, 1979, Exp. Parisitol. 4S: 175-189 disclose Leischmania donovani 
infection of macrophages. 

Wyrick and Brownridge, 1978, Infect. Immunol. 19: 1054-1060 disclose 
Chlamydia psittaci infection of macrophages. 

Nogueira and Cohn. 1976, /. Exp. Med. 143: 1402-1420 disclose 
Trypanosoma cruzi infection of macrophages. 

Jones and Hirsch. 1972, J. Exp. Med. 136: 1173-1194 disclose Toxoplasma 
gondii infection of macrophages. 

Persistent infection of phagocytic cells has been reported in the prior art. 

Embretson et al., 1993, Nature 362: 359-361 disclose covert infection of 
macrophages with HIV and dissemination of infected cells throughout the immune 
system early in the course of disease. 

Schnorrfi/fl/.. 1993,7. Wro/. 62: 4760-4768 disclose measles virus persistent 
infection in vitro in a human monocytic cell line. 

MeltzerandGendelman, 1992, Curr. Topics Microbiol. Immunol. ISl: 239- 
263 provide a review of HIV infection of tissue macrophages in brain, liver, lung, 
skin, lymph nodes, and bone marrow, and involvement of macrophage infection in 
AIDS pathology. 

Blight et al., 1992, Uver 12: 286-289 disclose persistent infection of liver 
macrophages (Kuppfer cells) by hepatitis C virus. 

McEntee etal., 1991, J. gen. Virol. 72: 317-324 disclose persistent infection 
of macrophages by HIV resulting in destruction of T lymphocytes by fusion with 
infected macrophages, and that the macrophages survive fusion to kill other T 
lymphocytes. 

Kondo et al., 1991, J. gen. Virol. 72: 1401-1408 disclose herpes simplex 
virus 6 latent infection of monocytes activated by differentiation into macrophages. 

King et al., 1990, J. Virol. M: 5611-5616 disclose persistent infection of 
macrophages with lymphocytic choriomeningitis vfaiis. 
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Schmitt et al., 1990, Res. Virol. 141: 143-152 disclose a role for HTV 
infection of Kupffer cells as reservoirs for HIV infection. 

Gendelman etal., 1985, Proc. Natl. Acad. Sci. USA 82: 7086-7090 disclose 
lentiviral (visna-maedi) infection of bone marrow precursors of peripheral blood 
monocytes/macrophages that provide a reservoir of latently-infected cells. 

Halstead et al., 1977, J. Exp. Med. 146: 201-217 disclose that macrophages 
are targets of persistent infection with dengue virus. 

Mauel et al., 1973, Nature New Biol. 244: 93-94 disclose that lysis of 
infected macrophages with sodium dodecyl sulfate could release live microbes. 

Attempts at drug targetmg have been reported in the prior art. 

Rubinstein etal. , 1993, Pharm. Res. 10: 258-263 report colon targeting using 
calcium pectinate (CaPec)-conjugated drugs, based on degradation of CaPec by colon 
specific (i.e. , microflora-specific) enzymes and a hydrophobic drug incorporated into 
the insoluble CaPec matrices. 

Sintovetal., 1993, Biomaterials 14: 483-490 report colon-specific targeting 
using conjugation of drug to insoluble synthetic polymer using disaccharide cleaved 
by enzymes made by intestinal microflora, specifically, /3-glycosidic linkages 
comprising dextran. 

Franssen et al., 1992, /. Med Chem. M: 1246-1259 report renal cell/kidney 
drug targeting using low molecular weight proteins (LMWP) as carriers, using 
enzymatic/chemical hydrolysis of a spacer molecule linking the drug and LMWP 
carrier. 

Bai etal., 1992, /. Pharm. Sci. 81: 113-116 report intestinal cell targeting 
using a peptide carrier-drug system wherein the conjugate is cleaved by an mtestine- 
specific enzyme, prolidase. 

Caspar et al., 1992, Ann. Trop. Med. Parasitol. §6: 41-49 disclose 
primaquine-loaded polyisohexylcyanoaciylate nanoparticlesused to tUTgstLeschmama 
donovani infected macrophage-like cells in vitro. 

Pardridge. 1992, NIDA Res. Monograph 12Q: 153-168 - opioid-conjugated 
chimeric peptide carriers for targetmg to bram across the blood-brain barrier. 

Bai and Amidon, 1992. Pharm. Res. 2: 969-978 report peptide-drug 
conjugates for oral delivery and intestinal mucosal targeting of drugs. 
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Ashbom et al., 1991, J. Infect. Dis. 163: 703-709 disclose the use of CD4- 
conjugated Pseudomonas aeruginosa exotoxin A to kill HIV-infected macrophages. 

Larsen et al, 1991, Acta Pharm. Nord. 3: 41-44 report enzyme-mediated 
release of drug from dextrin-drug conjugates by microflora-specific enzymes for 
5 colon targeting. 

Faulk et al., 1991, Biochem. Int. 25: 815-822 report adriamycin-transferrin 
conjugates for tumor cell growth inhibition in vitro. 

Zhang and McCormick, 1991, Proc. Natl. Acad. Sci. USA 88: 10407-10410 
report renal cell targeting using vitamin B6-drug conjugates. 

Blum et al., 1982, Int. J. Pharm. 12: 135-146 report polystyrene 
microspheres for specific delivery of compounds to liver and lung. 

Trouet et al., 1982, Proc. Natl. Acad. Sci. USA 79: 626-629 report that 
daunorubicin- conjugated to proteins were cleaved by lysosomal hydrolases in vivo 
and in vitro. 

Shen et al., 1981, Biochem. Biophys. Res. Commun. 102: 1048-1052 report 
pH-labile iV-cw-acontinyl spacer moieties. 

Monoclonal antibodies have been used in the prior art for drug targeting. 

Serine g/fl/. U.S. Patent No. 4,793,986, issued December 27, 1988, provides 
platinum anticancer drugs conjugated to polysaccharide (dextrin) carrier for 
20 conjugation to monoclonal antibodies for tumor cell targeting. 

Bickel etal., 1993, Proc. Natl. Acad, Sci. USA 90: 2618-2622 discloses the 
use of a chimeric protein vector for targeting across blood-brain barrier using anti- 
transferrin monoclonal antibody. 

Rowlinson-Busza and Epenetos, 1992, Curr. Opin. Oncol. 4: 1142-1148 
25 provides antimmor inununotargeting usmg toxin-antibody conjugates. 

Blakey, 1992. Acta Oncol. H: 91-97 provides a review of antitumor antibody 
targeting of antineoplastic drugs. 

Senter et al., 1991, in Immunobioloev of Peptides and Prnteing Vol. VI, 
pp.97-105 discloses monoclonal antibodies linked to alkaline phosphatase or 
30 penicillin-V amidase to activate prodrugs specifically at site of antibody targeting, 
for therapeutic treatment of solid tumors. 

Drug-carrier conjugates have been used in the prior art to provide time- 



-8- 



wo 95/32002 PCTA;S95/06180 



release drug delivery agents, 

Couveur and Puisieux, 1993, Adv. Drug Deliv. Rev. 10: 141-162 provide a 
review of microcapsule (vesicular), microsphere (dispersed matrix) and microparticle 
(1-250 |im)-based drug delivery systems, based on degradation of particle with drug 
release, to provide time release of drugs, oral delivery via transit through the 
intestinal mucosa and delivery to Kupffer cells of liver. 

Duncan, 1992, Anticancer Drugs 3: 175-210 provide a review of improved 
phannokinetic profile of in vivo drug release of anticancer drugs using drug-polymer 
conjugates. 

Heinrich et al, 1991, J. Pharm. Pharmacol. 43: 762-765 disclose poly- 
lactide-glycolide polymers for slow release of gonadotropin releasing hormone 
agonists as injectable implants. 

Wada et al. 1991, J. Pharm. Pharmacol. 43: 605-608 disclose sustained- 
release drug conjugates with lactic acid oligomers. 

Specifically, polymer-conjugated drugs have been reported m the prior art, 
and attempts to adapt particulate conjugates have also been reported. 

Ryser et al., U.S. Patent No. 4,847,240, issued July 11, 1989, provides 
cationic polymers for conjugation to compounds that are poorly transported into 
cells. Exanq)les include die antineoplastic drug methotrexate conjugated with 
polylysme and other polycationic amino acids are the carriers. 

Ellestad U.S. Patent No. 5,053,394, issued October 1, 1991, provides 
carrier-drug conjugates of metiiyltrithiol antibacterial and antimmor agents with a 
spacer linked to a targeting molecule which is an antibody or fragment thereof, 
growth factors or steroids. 

Kopecek et al., U.S. Patent No. 5,258,453, issued November 2, 1993, 
provides antimmor compositions comprising both an anticancer drug and a 
photoactivatable drug attached to a copolymeric carrier by functional groups labUe 
in cellular lysosomes. optionally containing a targeting moiety fliat are monoclonal 
antibodies, hormones, etc. 

Negre et al., 1992, Antimicrob. Agents and Chemother. 36: 2228-2232 
disclose tiie use of neutral mannose-substitoted polylysine conjugates with an anti- 
leischmanial drug (aUopurinol riboside) to treat murine infected macrophages in 



-9- 



wo 95/32002 



PCT/US95/06180 



vitro. 

Yatvin, 1991, Select, Cancer, Therapeut, 7: 23-28 discusses the use of 
particulate carriers for drug targeting. 

Hunter et aL, 1988, J. Pharm. Phamacol 40: 16M65 disclose liposome- 
5 mediated delivery of anti-leischmanial drugs to infected murine macrophages in vitro, 

Saffran et al, 1986, Science 231: 1081-1084 disclose drug release from a 
particulate carrier in the gut resulting from degradation of the carrier by enzymes 
produced by intestmal microflora. 

10 SUMMARY OF THE INVENTION 

The present invention is directed to an improved method for delivering 
biologically-active compounds to phagocytic cells and cellular organelles of such 
phagocytic cells in vivo and in vitro. This delivery system achieves such specific 
delivery of biologically-active compounds to phagocytic cells through conjugating the 

15 compound with a particular microparticle via an cleavable linker moiety. 
Alternatively, specific delivery is achieved by impregnating the biological compound 
into a porous microparticle which is then coated with an organic coating material. 
In each case, specific release of biologically-active compounds is achieved by 
enzymatic or chemical release of the biological compound from the microparticle by 

20 cleavage of the cleavable linker moiety or the organic coating material in specific 
phagocytic cells. 

Additionally, such cell-targeted biologically-active compounds are further 
targeted to specific subcellular organelles through conjugating the compounds with 
a polar lipid carrier. This invention has the specific advantage of facilitatmg the 

15 delivery of such compounds to specific subcellular organelles via the polar lipid 
carrier, achieving effective intracellular concentrations of such compounds more 
efficiently and with more specificity than conventional delivery systems. 

The specific delivery of biologically-active compounds achieved by the 
present invention results from the conjugation of biologically-active compounds to 

JO microparticles. Specific intracellular accumulation and facilitated cell entry is 
mediated by the phagocytic uptake of microparticle-conjugated biologically active 
compounds by such cells. Preferred embodiments of phagocytic cellular targets 
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include phagocytic hematopoietic cells, preferably macrophages and phagocytic 
neutrophiles. 

Particularly preferred targets of the microparticle-conjugated biologically 
active compounds of the invention are phagocytic cells, preferably macrophages and 
phagocytic neutrophiles that are uifected with any of a variety of pathological or 
disease-causing microorganisms. For such cells, the embodiments of the 
microparticle-conjugated biologically active compounds of the invention are 
comprised of cleavable linker moieties whereby chemical or enzymatic cleavage of 
said Imker moieties is specific for infected phagocytic cells. This provides for the 
specific release of biologically-active compounds, such as antimicrobial drugs, to 
such infected cells. It is understood that all phagocytic cells will take up such 
antimicrobial embodiments of the microparticle-conjugated biologically active 
compounds of the invention. However, it is an advantageous feature of the 
microparticle-conjugated biologically active compounds of the invention that specific 
release of biologically-active forms of such antimicrobial drugs is dependent on the 
presence of the infectious microorganism in the phagocytic cell. 

The invention also provides compositions of matter comprising a porous 
microparticle into which is impregnated a biologically-active compound, the 
impregnated porous microparticle being further coated with an organic coating 
material. In this aspect of the invention, the organic coating material is specifically 
degraded inside a phagocytic mammalian cell mfected with a microorganism, 
allowing the release of the biologically-active compound within the infected cell. In 
preferred embodiments, the organic coating material is a substrate for a protein 
having an enzymatic activity found specifically in phagocytic cells infected with a 
pathological or disease-causing microorganism. In additional preferred embodiments, 
the organic coatuig material is chemically cleaved under physiological conditions that 
are specific for phagocytic cells infected with a pathological or disease-causing 
microorganism. 

Preferred biologically active compounds used to impregnate such porous 
microparticles include antimicrobial compounds, antimicrobial drugs, antimicrobial 
peptides, antimicrobial toxins and other antibiotic agents. 

The biologically active compounds of the invention unpregnated within porous 
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microparticles may optionally be covalently linked to a polar lipid moiety. Polar 
lipid moieties comprise one or a plurality of polar lipid molecules. Polar lipid 
moieties are comprised of one or a plurality of polar lipid molecules of the invention 
covalently linked to a biologically-active compound, optionally via an organic a 
spacer molecule having two linker functional groups, wherein the spacer has a first 
end and a second end and wherein the polar lipid moiety is attached to the first end 
of the spacer through a first linker functional group and the biologically-active 
compound is attached to the second end of the spacer through a second linker 
functional group. In a particular embodiment of this aspect of the mvention, the 
spacer allows the biologically-active compound to act at an intracellular site after 
being released from die microparticle but without being released from the 
intracellular targeting polar lipid moiety. In these embodiments of the invention, the 
first linker functional group attached to the first end of the spacer is characterized 
as "strong" and the second linker functional group attached to the second end of the 
spacer is characterized as "weak", with reference to the propensity of the covalent 
bonds between each end of the spacer molecule to be broken. 

In other embodiments of the compositions of matter of the invention, the 
organic spacer allows the facilitated hydrolytic release of , the biologically-active 
compound at an intracellular site after infection-specific intracellular release of the 
drug firom the microparticle. Other embodiments of the spacer facilitate the 
enzymatic release of the biologically-active compound at an intracellular site after 
infection-specific intracellular release of the drug from the microparticle. 

In a particular embodiment of this aspect of the invention, the organic spacer 
molecule is a peptide of formula (amino acid)„, wherein n is an integer between 2 
and 100, preferably wherein the peptide comprises a polymer of a particular amino 
acid. 

In other embodiments of the compositions of matter of the invention, the 
biologically-active compound of the invention has a first functional linker group, and 
a polar lipid moiety has a second functional linker group, and the compound is 
directly covalently linked to the polar lipid moiety by a chemical bond between the 
first and second functional linker groups. In such embodiments, either the 
biologically-active compound or the polar lipid moiety comprises yet another 
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functional linker group which is directly covalently linked to the cleavable linker 
moiety of the invention, which in turn is covalently linked to the microparticle. In 
preferred embodiments, each of the functional linker groups is a hydroxyl group, a 
primary or secondary amino group, a phosphate group or substituted derivatives 
5 thereof or a carboxylic acid group. 

Preferred polar lipids include but are not limited to sphingosine, ceramide, 
phosphatidyl choline, phosphatidyl glycerol, phosphatidyl ethanolamine, phosphatidyl 
inositol, phosphatidyl serine, cardiolipin and phosphatidic acid. 

The invention also provides compositions of matter comprising a biologically- 

10 active compound linked to a microparticle via a cleavable linker moiety. The 
cleavable linker moieties of the invention comprise two linker functional groups, 
wherein the cleavable linker moiety has a first end and a second end. The 
microparticle is attached to the first end of the cleavable linker moiety through a first 
linker functional group and the biologically-active compound is attached to the 

15 second end of the cleavable linker moiety through a second linker functional group. 
The cleavable linker moieties of the invention are specifically cleaved inside a 
phagocytic mammalian cell, for exanq>le, a phagocytic cell infected with a 
microorganism. In preferred embodiments, the cleavable linker moieties of the 
invention comprise a substrate for a protein having an enzymatic activity found 

20 specifically in phagocytic cells infected with a pathological or disease-causing 
microorganism. In additional preferred embodiments, the cleavable linker moieties 
of the invention comprise a moiety that is chemically cleaved under physiological 
conditions that are specific for phagocytic cells infected with a pathological or 
disease-causing microorganism. 

25 The invention also provides microparticle-conjugated biologically active 

compounds covalently linked to a polar lipid moiety. Polar lipid moieties comprise 
one or a plurality of polar lipid molecules. Polar lipid moieties are comprised of one 
or a plurality of polar lipid molecules of tiie invention covalenUy linked to a 
biologically-active compound, an cleavable linker moiety, or each other. 

In preferred embodunents of the invention, the biologically-active compound 
is a peptide. In other preferred embodiments, tiie biologically-active compound is 
a drug, most preferably an antimicrobial drug. Preferred polar lipids include but are 
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not limited to sphingosine, ceramide, phosphatidyl choline, phosphatidyl glycerol, 
phosphatidyl ethanolamine, phosphatidyl inositol, phosphatidyl serine, cardiolipinand 
phosphatidic acid. 

Additional embodiments of the microparticle-conjugated biologically active 
compounds of the invention also comprise a spacer molecule having two linker 
functional groups, wherein the spacer has a first end and a second end and wherein 
the polar lipid moiety is attached to the first end of the spacer through a first linker 
functional group and the biologically-active compound is attached to the second end 
of the spacer through a second linker functional group. In a particular embodiment 
of this aspect of the invention, the spacer allows the biologically-active compound 
to act at an intracellular site after being released from the microparticle but without 
being released from the intracellular targeting polar lipid moiety. In these 
embodiments of the invention, the first linker functional group attached to the first 
end of the spacer is characterized as "strong" and the second linker functional group 
attached to the second end of the spacer is characterized as "weak", with reference 
to the propensity of the covalent bonds between each end of the spacer molecule to 
be broken. 

In other embodiments of the compositions of matter of the invention, the 
spacer allows the facilitated hydrolytic release of the biologically-active compound 
at an intracellular site after infection-specific intracellular release of the drug from 
the microparticle. Other embodiments of the spacer facilitate the enzymatic release 
of the biologically-active compound at an intracellular site after infection-specific 
intracellular release of the drag from flie microparticle. 

In a particular embodiment of this aspect of the invention, the spacer 
molecule is a peptide of formula (amino acid)„, wherein n is an mteger between 2 
and 100. preferably wherein the peptide comprises a polymer of a particular amino 
acid. 

In other embodiments of the compositions of matter of the invention, the 
biologically-active compound of the invention has a first fimctional linker group, and 
a polar lipid moiety has a second functional linker group, and the compound is 
directly covalently linked to the polar lipid moiety by a chemical bond between the 
first and second functional linker groups. In such embodiments, either the 
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biologically-active compound or the polar lipid moiety comprises yet another 
functional linker group which is directly covalently linked to the cleavable linker 
moiety of the invention, which in turn is covalently linked to the microparticle. In 
preferred embodiments, each of the fimctional linker groups is a hydroxyl group, a 
primary or secondary amino group, a phosphate group or substituted derivatives 
thereof or a carboxylic acid group. 

In another aspect of the invention is provided compositions of matter 
comprising a drug covalently linked to a cleavable Ihiker moiety which in turn is 
linked to a microparticle. In preferred embodiments, the drug is an antimicrobial 
drug. In particular embodiments of this aspect of the invention, the drug is 
covalently linked to a polar lipid moiety. Preferred embodiments also comprise an 
organic spacer moiety having a first and second functional linker group and wherein 
the drug has a functional linker group, wherein the drug is covalently linked to the 
organic spacer moiety by a chemical bond between the first functional linker group 
of the organic spacer moiety and the functional linker group of the drug. In such 
embodiments, the polar lipid moiety is also comprised of a functional luiker group, 
and the second functional Imker group of the organic spacer moiety is covalently 
linked to the polar lipid moiety by a chemical bond between the second functional 
luiker group of the cleavable linker moiety and the functional Imker group of the 
polar lipid moiety. In such embodiments, either the drug or the polar lipid moiety 
comprises yet another functional linker group which is directly covalently linked to 
the cleavable linker moiety of the invention, which in turn is covalently linked to the 
microparticle. In preferred embodiments, each of the functional linker groups is a 
hydroxyl group, a primary or secondary amino group, a phosphate group or 
substituted derivatives thereof or a carboxylic acid group. Preferred polar lipids 
include but are not limited to sphingosine, ceramide, phosphatidyl cholme, 
phosphatidyl glycerol, phosphatidyl ethanolamine, phosphatidyl inositol, phosphatidyl 
serine, cardiolipin and phosphatidic acid. 

In this aspect of the invention is provided compositions of matter comprising 
a drug, preferably an antimicrobial drug, covalently linked to a microparticle via a 
cleavable linker moiety that is specifically cleaved m a phagocytic cell infected with 
a pathological or disease-causing microorganism. In additional embodiments of this 
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aspect of the invention, the antimicrobial drug is covalently linked to a polar lipid 
moiety via an organic spacer moiety wherein the spacer allows the drug to act 
without being released at an intracellular site, after being released from the 
microparticle but without being released from the intracellular targeting polar lipid 
moiety. In these embodiments of the invention, the first linker functional group 
attached to the first end of the spacer is characterized as "strong" and the second 
linker functional group attached to the second end of the spacer is characterized as 
"weak", with reference to the propensity of the covalent bonds between each end of 
the spacer molecule to be broken. 

In other embodiments of the compositions of matter of the invention, the 
spacer allows the facilitated hydrolytic release of the antimicrobial drug at an 
intracellular site after being released from the microparticle but without being 
released from the intracellular targeting polar lipid moiety. Other embodunents of 
the spacer facilitate the enzymatic release of the antimicrobial drugs of the invention 
at an intracellular site. 

In still further embodiments of the compositions of matter of the invention, 
each of the antimicrobial drugs of the invention a first functional linker group, and 
a polar lipid moiety has a second functional linker group, and the antimicrobial drug 
is direcUy covalently linked to the polar lipid moiety by a chemical bond between the 
first and second functional linker groups. In such embodiments, either the 
antimicrobial drug or the polar lipid moiety comprises yet another functional linker 
group which is directly covalently linked to the cleavable linker moiety of the 
mvention, which in turn is covalently linked to the microparticle. In preferred 
embodiments, each of the functional linker groups is a hydroxyl group, a primary 
or secondary amino group, a phosphate group or substituted derivatives thereof or 
a carboxylic acid group. 

In another embodiment of this aspect of the invention, the organic spacer 
moiety is a peptide of formula (amino acid)„, wherein n is an integer between 2 and 
100, preferably wherein the peptide comprises a polymer of a particular amino acid. 

As disclosed herein, the invention comprehends a conjugate between a 
microparticle and a biologically-active compound, preferably a dnig, more preferably 
an antimicrobial dnig that is specifically taken up by phagocytic mammalian cells. 
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10 



In the microparticle-biologically-active compound conjugates of the invention are 
comprised of a cleavable linker moiety that is specifically cleaved in particular 
phagocytic cells, preferably microbially-infected cells. In additional embodiments, 
the biologically-active compounds of the invention are covalently linked to a polar 
lipid moiety wherein the lipid will selectively associate with certain biological 
membranes, and thereby facilitate subcellular targeting of the drug into specific 
subcellular organelles. The spacer component of the conjugates of the invention will 
preferably act to release the drug from the lipid, target the conjugate to a subcellular 
organelle, incorporate the drug into a viral envelope, or perform other functions to 
maximize the effectiveness of the drug, all after being released from the 
microparticle but without being released from the intracellular targeting polar lipid 
moiety. 

The microparticle-drug conjugates of this invention have numerous 
advantages. First, the drug-microparticle conjugates are specifically taken up by 

15 phagocytic mammalian cells. Also, drugs, preferably antimicrobial drugs comprising 
the drug-microparticle conjugates of the invention, are linked to the microparticle by 
an organic linker that is specifically cleaved upon entry into appropriate phagocytic 
cells, for example, phagocytic cells infected with a pathological or disease-causing 
microorganism. Third, the drug-polar lipid conjugates of the invention will promote 

20 the intracellular targeting of a variety of potentially useful antimicrobial drugs at 
pharmokinetic rates not cunentiy attainable. In this aspect, the range of targeted 
subcellular organelles is not limited per se by, for example, any particular, limited 
biological properties of the subcellular organelle such as the number and type of 
specific receptor molecules expressed by the organelle. In contrast to traditional 

25 attempts to sunply target drugs to specific cells, this method may target drugs to 
specific intracellular organelles and other intracellular compartments. Fourth, the 
compositions of matter of the invention incorporate a variable spacer region that may 
allow pharmacologically-relevant rates of drug release from polar lipid moieties to 
be engineered into the compositions of the invention, thereby increasing their clinical 

30 efficacy and usefulness. Thus, time-dependent drug release and specific drug release 
in cells expressing the appropriate degradative enzymes are a unique possibility using 
the microparticle-dnig-lipid conjugates of the invention. Fifth, the conjugates of the 
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invention can be combined with other drug delivery approaches to farther increase 
specificity and to take advantage of usefal advances in the art. One example of 
antivkal therapy would involve incorporating the conjugates of the invention into the 
viral envelope, thereby directly modifying its lipid composition and influencing viral 
infectivity. Fmally, the prodnig-microparticle conjugates of the invention are 
intended to encompass prodrugs which are biologically inactive unless and until 
pathogen-infection specific chemical or enzymatic cleavage into an active drug form 
inside a pahgocytic mammalian cell. 

Thus, the invention also provides a method of killing a microorganism 
infectmg a mammalian cell. This method comprises contacting an infected 
phagocytic mammalian cells with the compositions of matter of the invention. The 
invention also provides a method for treating a microbial infection in a human 
wherein the infecting microbe is present inside a phagocytic cell in the human, the 
method comprising administering a therapeutically effective amount of the 
compositions of matter of the invention to the human in a pharmaceutically 
acceptable carrier. Thus, the invention also provides pharmaceutical compositions 
comprismg the compositions of matter of the invention in a pharmaceutically 
acceptable carrier. 

Thus, in a first aspect the invention provides compositions of matter for 
targeting biologically active compounds to phagocytic cells. In a second aspect, the 
invention provides compositions of matter and methods for the specific release of 
biologically active compounds inside phagocytic cells. The invention in yet a third 
aspect provides methods and compositions for intracellular delivery of targeted 
biologically active compounds to phagocytic cells. The mvention also provides for 
organelle-specific intracellular targeting of biologically active compounds, 
specifically to phagolysosomes. In this aspect of the invention are also provided 
compositions and methods for organelle specific intracellular targeting using polar 
lipid moiety-linked compounds. In each of these aspects is provided methods and 
compounds for introducing biologically active compounds into phagocytic mammalian 
cells wherein the unconjugated compound would not otherwise enter said phagocytic 
cell. In this aspect is included the introduction of said biologically active compounds 
in chemical embodunents that would not otherwise enter the cell, for example, as 
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phosphorylated embodiments. In yet another aspect is provided methods and 
compositions for the specific coordinate targeting of more than one biologically 
active compound to a specific cell type, that is, phagocytic mammalian cells. In a 
final aspect, the invention provides methods and reagents for delayed, sustained or 
controlled intracellular release of biologically active compounds impregnated within 
a coated, porous microparticle, wherein the degradation of either the coating or the 
microparticle or both provides said delayed, sustained or controlled intracellular 
release of the biologically active compound. 

Specific preferred embodiments of the present invention will become evident 
from the following more detailed description of certain preferred embodiments and 
the claims. 



BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 depicts the synthetic scheme put forth in Example 1. 
Figure 2 depicts the synthetic scheme put forth in Example 2. 
Figure 3 depicts the synthetic scheme put forth in Example 3. 
Figure 4 depicts the synthetic scheme put forth m Example 4. 
Figure 5 depicts the synthetic scheme put forth in Example 5. 
Figure 6 depicts the synthetic scheme put forth in Example 6. 
Figure 7 depicts the synthetic scheme put forth in Example 7. 
Figure 8 depicts the synthetic scheme put forth in Example 8. 
Figures 9A through 9D depict prodrugs tested as in Example 9 



DETAILED DESCRIPTI ON OF THE PREFERRED FMBODIMENTS 
The present invention provides compositions of matter and methods for 
facilitating the entry biologically-active compounds into phagocytic cells. For the 
purposes of this invention, the term "biologically-active compound" is intended to 
encompass all naturally-occurring or synthetic compounds capable of eliciting a 
biological response or having an effect, either beneficial or cytotoxic, on biological 
systems, particularly cells and cellular organelles. These compounds are intended 
to mclude but are not limited to all varieties of drugs, particularly antunicrobial 
drugs such as antiviral, antibacterial, fungicidal and anti-protozoal, especially anti- 
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Plasmodia! drugs, and antineoplastic drugs, particularly methotrexate and 5- 
fluorouracil and other antineoplastic drugs, as well as peptides including 
antimicrobial peptides. 

This invention provides microparticle-linked antimicrobial agents for specific 
cell targeting to phagocytic mammalian cells. As used herein, phagocytic 
mammalian cells include but are not limited to monocytes, macrophages, alveolar 
macrophages, peritoneal macrophages, Kuppfer cells of the liver, macrophage cells 
resident in the central nervous system and the skin, all tissue inHammatory and 
noninflanunatory macrophages, and phagocytic bone marrow cells. 

This invention provides microparticle-linked antimicrobial agents wherein an 
antimicrobial drug is linked to a microparticle via a cleavable linker moiety. The 
term "antimicrobial drug" is intended to encompass any pharmacological agent 
effective in inhibiting, attenuating, combatting or overcoming infection of phagocytic 
mammalian cells by a microbial pathogen in vivo or in vitro. Antimicrobial drugs 
as provided as components of the antimicrobial agents of the invention include but 
are not limited to penicillin and drugs of the penicillin famUy of antimicrobial drugs, 
including but not limited to penicillin-G. penicillin-V, phenethicillin, ampicillin. 
amoxacillin, cyclaciUin, bacampicillin, hetaciUin, cloxacillin, dicloxacUlin, 
methicillin, nafciUin, oxacillin, azlocillin, carbenicUlin, mezlocillin, piperacUIin, 
ticaricillm, and imipenim; cephalosporin and drugs of the cephalosporin famUy, 
including but not limited to cefadroxil, cefazolin, caphalexn, cephalothin, cephapirin, 
cephradine, cefaclor, cefamandole, cefonicid, cefoxin, cefuroxime. ceforanide, 
cefotetan, cefinetazole, cefoperazone, cefotaxime, ceftizoxime, ceftizone, 
moxalactam, ceftazidime, and cefixime; ammoglycoside drugs and drugs of the 
aminoglycoside family, including but not limited to streptomycin,, neomycin, 
kanamycin, gentamycin, tobramycin, amikacin, and netihnicin; macrolide and drugs 
of the macrolide family, exemplified by azithromycin, clarithromycin, roxithromycin, 
erythromycin, lincomycin, and clindamycin; tetracyclin and drugs of the tetracyclin 
family, for example, tetracyclin, oxytetracyclin, democlocyclin, methacyclin. 
doxycyclin, and minocyclin; quinoline and quinoline-like drugs, such as, for 
example, naladixic acid, cinoxacin, norfloxacin, ciprofloxacin, ofloxicm, enoxacin, 
and pefloxacin; antimicrobial peptides, including but not limited to polymixin B, 
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colistin, and bacatracin, as well as other antimicrobial peptides such as defensins 
(Lehrer^/a/,, 1991, CellM: 229-230), magainins (Zasloff, mi.Proc.NatL Acad. 
ScL USA 84: 5449-5453), cecropins (Lee et al, 1989, Proc, NatL Acad. Sci. USA 
86: 9159-9162 and Boman et aL, 1990, Eun /. Biochem. 201: 23-31), and others, 
provided as naturally-occurring or as the result of engineering to make such peptides 
resistant to the action of pathogen-specific proteases and other deactivating enzymes; 
other antimicrobial drugs, including chloramphenicol, vancomycin, rifampicin, 
metronidazole, ethambutol, pyrazmamide, sulfonamides, isoniazid, and 
erythromycin. Antiviral drugs, includmg but not limited to acyclovir, gangcyclovir, 
azidothymidine, cytidine arabinoside, ribavirin, amantadine, iododeoxyuridine, 
poscamet, and trifluridme are also encompassed by this definition and are expressly 
included therem. 

The invention also provides microparticle-linked antimicrobial agents wherein 
an antimicrobial agent is a toxm capable of specific cytotoxicity against the microbe, 
its host cell or both. The term "toxin" is intended to encompass any pharmacological 
agent capable of such toxicity, including for example ricin from jack bean, diptheria 
toxin, and other naturally-occurring and man-made toxins. 

In the antimicrobial agents as provided by this invention, said antimicrobial 
drugs are linked to microparticles that are specifically phagocytized by phagocytic 
mammalian cells. It is an advantage of the present mvention that antimicrobial drugs 
are specifically targeted to phagocytic mammalian cells, including, inter alia, 
monocytes and macrophages as provided further below, by attachment to the 
microparticles that are a component of the antimicrobial agents of the invention. The 
term "microparticle" as used herem is mtended to encompass any particulate bead, 
sphere, particle or carrier, whether biodegradable or nonbiodegradable, comprised 
of naturally-occurring or synthetic, organic or inorganic materials, that is specifically 
phagocytized by phagocytic mammalian cells. 

In one embodiment of the antimicrobial agents of the invention, said 
microparticle is a porous particle having a defined degree of porosity and comprised 
of pores having a defined size range, wherein the antimicrobial drugs are 
impregnated within the pores of the microparticle. In such embodiments, a 
chemically or enzymatically-degradable coating covers the surface or outside extent 
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of the microparticle, wherein the coating is specifically chemically or enzymatically 
degraded within the particular infected phagocytic cell after phagocytosis. 

In a second embodiment of the invention, the microparticle is either a porous 
or a nonporous particle. In such embodiments, the surface or outside extent of the 
microparticle comprises chemically functional groups that form covalent linkages 
with the antimicrobial drug component of the antimicrobial agents of the invention, 
preferably via a chemically or enzymatically cleavable linker moiety. In such 
embodiments, the cleavable linked moiety is specifically chemically or enzymatically 
cleaved within the particular infected phagocytic cell after phagocytosis. 

The microparticle component of the antimicrobial agents of the invention 
include any particulate bead, sphere, particle or carrier havmg a diameter of about 
1 to about 1000 nanometers (about 0.001-1 fim). The microparticles of the invention 
are provided comprised of polystyrene, cellulose, silica, and various polysaccharides 
includmg dextran, agarose, cellulose and modified, crosslinked and derivatized 
embodiments thereof. Specific examples of the microparticles of the invention 
include polystyrene, cellulose, dextran crosslinked with epichlorohydrin (Sephadex™, 
Pharmacia, Uppsala, Sweden), polyacrylamide crosslinked with bisacrylamide 
(Biogel™, BioRad, USA), agar, glass beads and latex beads. Derivatized 
microparticles include microparticles derivatized with carboxyalkyl groups such as 
carboxymethyl, phosphoryland substituted phosphoryl groups, sulfate, sulfhydryl and 
sulfonyl groups, and amino and substituted amino groups. 

In the antimicrobial agents of the invention as provided m one aspect, the 
microparticles and antimicrobial drugs are linked via a chemically or enzymatically 
cleavable linker moiety. In another aspect of the antimicrobial agents of the 
invention, the antimicrobial drugs are impregnated within porous microparticles 
coated with a chemically or enzymatically degradable coating. In both aspects, 
specific release of the antunicrobial drug is dependent on specific chemical or 
enzymatic cleavage of the coating or linker moieties inside infected phagocytic cells 
after phagocytosis of the antimicrobial agent. The specificity of the cleavage of the 
linker or coating moieties as provided by this invention is the result of the 
combination of particular linker or coating moieties which are selected to be 
specifically cleaved inside the infected phagocytic cell. In one aspect, such specific 
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Cleavage is due to an chemical linkage which is labile within the infected phagocytic 
cell due to conditions caused by or that result from infection of the phagocytic cell 
with a particular microbial pathogen. In another aspect, such specific cleavage is 
due to an enzymatic activity which is produced either by the microbial pathogen itself 
or by the phagocytic cell as the result of infection with said microbial pathogen, 
wherein the linkage is enzymatically cleaved by the enzymatic activity. 

Examples of such combinations resulting m specific release of the 
antimicrobial drug component of the antimicrobial agents of the invention within 
infected phagocytic cells include but are not limited to a urea-based linker for use 
against a pathogen which produces urease (e.g. , Mycobacteria spp. and B, pertussis); 
a peptide linker comprised of (AlaAlaAlaAla)„, wherein n can be an integer from 1- 
5, for use against a pathogen that produces the protease oligopeptidase A (e.g., 
Salmonella spp.)\ a peptide comprised of from 3 to about 20 amino acids comprising 
the sequence -Pro-Xaa-Pro-, where Xaa is any amino acid, for use against a 
pathogen that produced proline peptidase (e.g., Salmonella spp,)\ peptides 
comprising the dipeptide MetMet or LeuAla, or peptides comprising the amino acid 
sequence GSHLVEAL, HLVRALYL, VEALYLVC, or EALYLVCG, for use agamst 
human immunodeficiency virus 1 producing a specific protease termed HIV-1 
protease; a peptide comprising the amino acid sequence: -Ala-Xaa-CysAcm-Tyr-Cys- 
ArgJle-Pro-Ala-CysAcm-ne-Ala-Gly-Asp-Arg-Arg-Tyr-Gly-T^^ 
Gly-Arg-Leu-Trp-Ala-Phe-CyS;^,^-CysAcni-, wherein the microbial pathogen expresses 
an enzymatic activity that specifically disables the endogenous antimicrobial peptide 
defensin (e.g., Mycobacterium spp, and L. pneumophila), (-Cys^^^-) represent 
cysteine residues having the sidechain sulfur atom protected by covalent linkage to 
an acetamidomethyl group (it will be recognized that embodiments of such peptides 
having alternative sulfur protectmg groups are also within the scope of the disclosure 
herein) and Xaa is either absent or Asp; said peptides are also useful as components 
of the microparticulate antimicrobial compounds of the invention against a pathogen 
such as Legionella spp. producing a 39 kDa metalloprotease; hippurate esters that are 
hydrolyzed by pathogen-specific (e.g. . L. pneumophila and Listeria spp,) hydrolase; 
nicotmic acid amides cleaved by nicotinamidases, pyrazmamides cleaved by 
pyrazinamidase; allolactose linkages cleaved by j3-galactosidase; and allantoate 
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linkages cleaved by allantoicase (e.g., Mycobacterium spp,). 

In certain specific embodiments, combinations or mixtures of the 
antimicrobial agents of the invention will comprise the therapeutic pharmaceutical 
agents of the invention, as provided below. In other embodiments, said mixtures 
will include compositions of matter comprising a microparticle covalently linked to 
an enzyme having an activity that recognizes and cleaves the linker or coating moiety 
of the other antimicrobial agent component of the mixture, said enzyme-linked 
microparticles having activity as drug release accelerators. 

In yet further embodiments of the antimicrobial agents of the invention, said 
antunicrobial agents are optionally comprised of a polar lipid targeting moiety 
comprised of one or a plurality of polar lipid molecules. The polar lipid moiety m 
such embodiments is covalently linked to either the antimicrobial drug or to both the 
antimicrobial drug and the cleavable linker moiety. The polar lipid moiety is linked 
to the antimicrobial drug through an organic spacer moiety comprising a first 
functional linker group and a second functional linker group. The term "polar lipid 
moiety" as defined herein is intended to mean any polar lipid havmg an affinity for, 
or capable of crossing, a biological membrane. Polar lipid moieties comprising said 
embodiments of the invention include but are not limited to sphmgosine, ceramide, 
phosphatidyl cholme, phosphatidyl glycerol, phosphatidyl ethanolamine, phosphatidyl 
inositol, phosphatidyl serine, cardiolipin, phosphatidic acid, sphmgomyelin and other 
sphingolipids, as these terms are understood in the art {see, Lehninger, Biochemistry, 
2d ed.. Chapters 11 & 24, Worth Publishers: New York, 1975). 

These embodiments of the invention may be further comprised of an organic 
spacer moiety comprising a first end and a second end, each end of the spacer having 
a function^ linking group. For the purposes of this invention, the term "organic 
spacer" or "organic spacer moiety" is mtended to encompass any chemical entity that 
links a biologically-active compound such as an antimicrobial drug and a polar lipid 
moiety. Such organic spacer moieties may be designed to facilitate, influence, 
modulate or regulate the release of the biologically-active compound at a desired 
intracellular target site. Such organic spacers may also facilitate enzymatic release 
at certain intracellular sites. Functional organic spacer groups, as described herein, 
include, but are not limited to aminohexanoic acid, polyglycine, polyamides, 
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polyethylenes, and short functionalized polymers having a carbon backbone which 
is from one to about twelve carbon molecules in length. Particularly preferred 
embodiments of such spacer moieties comprise peptides of formula (amino acid)„, 
wherein n is an integer between 2 and 100 and the peptide is a polymer of a 

5 particular amino acid. 

As used herein, the term "linker functional group" is defined as any 
functional group for covalently linking the polar lipid moiety or biologically-active 
agent to the organic spacer group. This definition also includes functional groups 
comprising a biologically active compound or a microparticle or both covalently 

0 linking the biologically active compound or the microparticle to a cleavable linker 
moiety. 

Linker functional groups can be designated either "weak" or "strong" based 
on the stability of the covalent bond which the linker functional group will form. 
The weak functionalities include, but are not limited to phosphoramide, 

5 phosphoester, carbonate, amide, carboxyl-phosphoryl anhydride, ester and thioester. 
The strong fiinctionalities include, but are not limited to ether, thioether, amine, 
amide and ester. Strong Imker functional groups comprise the fiinctional covalent 
linkages between the microparticles, the biologically active compounds and the 
cleavable linker moieties of the invention. Strong linker functional groups between 

D the organic spacer group and the biologically-active compound will tend to decrease 
the rate at which the compound will be released at an intracellular target site, 
whereas the use of a weak linker functional group between the organic spacer moiety 
and the compound may act to facilitate release of the compound at the intracellular 
target site, Enqrmatic release is also possible, but such enzyme-mediated modes of 

5 release will not necessarily be correlated with bond strengdi in such embodiments of 
the invention. Organic spacer moieties comprising enzyme active site recognition 
groups, such as spacer groups comprising peptides having proteolytic cleavage sites 
therein, are envisioned as being withm the scope of the present invention. 

The antimicrobial agents of this invention are useful in inhibiting, attenuating, 

) arresting, combatting and overcoming infection of phagocytic mammalian cells with 
pathogenic microorganisms in vivo and in vitro. To this end, the antimicrobial 
agents of the invention are administered to an animal infected with a pathogenic 
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microorganism acutely or chronically infecting phagocytic mammalian cells. The 
antimicrobial agents of the invention for this use are administered in a dosage and 
using a therapeutic protocol sufficient to have an antimicrobial effect in the 
phagocytic cells of the animal. Thus, methods of treating microbial infections in a 
mammal, specifically infections of phagocytic manunalian cells, are provided. 
Pharmaceutical compositions useful in the methods provided by the invention are also 
provided. 

The following Examples illustrate certain aspects of the above-described 
method and advantageous results. The following examples are shown by way of 
illustration and not by way of limitation. 

EXAMPLE 1 

An antimicrobial agent is prepared by conjugatmg a specifically-cleavable 
peptide to a derivatized microparticle as follows. An derivatized microparticle 
comprising unconjugated amino groups is reacted with a proteolytically-inert peptide 
in which the terminal amine and any of the constituent amino acid sidechain reactive 
amines are covered by /err-butoxycarbonyl (/-Boc) protectmg groups in the presence 
of triphenyl phosphine as described by Kishimoto (1975, Chem. Phys. Lipids M: 33- 
36). The peptide/microparticle conjugate is then reacted in the presence of pyridine 
hydrofhioride as described by Matsuura et al. (1976, J. Chem. Soc. Chem. Comm. 
2X: 451-459) to remove the f-Boc protecting groups. The peptide/microparticle is 
then conjugated to the specifically-cleavable peptide, in which the terminal amine and 
any of the constituent amino acid sidechain reactive amines are covered by /-Hoc 
protecting groups, as described in the presence of triphenyl phosphine. After 
deprotection of reactive amines with pyridine hydrofluoride as described, an 
antimicrobial drug having a reactive carboxylic acid group is conjugated to a free 
ammo group of the microparticle/peptide/specifically-cleavable peptide to yield the 
antimicrobial agent of the invention. This reaction scheme is illustrated in Figure 
1. 

EXAMPLE 2 

An antiviral compound (fflVl protease inhibitor; compound 8) is conjugated 
to sphingosine as follows. Sphingosine is reacted with 1,3 i>M(trimethylsilyl)urea as 
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described by Verbloom et a/. (1981, Synthesis 807-809) to give a trimethylsilyl 
derivative of sphingosine. The sphingosine derivative is then conjugated with the 
antigenically-active peptide in which the terminal amine and any of the constituent 
amino acid sidechain reactive amines are covered by /m-butoxycarbonyl (/-Boc) 
protecting groups in the presence of diethylazo-dicarboxylate (DEAD) and triphenyl 
phosphine as described by Kishimoto (1975, Chem. Phys. Lipids 15: 33-36). The 
sphingosine/peptide conjugate is tiien reacted in the presence of pyridine 
hydrofluoride as described by Matsuura et al. (1976, /. Chem. Soc. Chem. Comm. 
xx: 451-459) to remove the r-Boc protecting group, to yield the antigenically-active 
peptide covalently linked to sphingosme through an amide bond. This reaction 
scheme is illustrated in Figure 2. Sphingosine/drug conjugates are then linked to 
microparticles as described in Example 1. 



EXAMPLE 3 

An antiviral compound (compound 8) is conjugated to ceramide via a 
polyglycine spacer as foUows and as illustrated in Figure 3. The ammo terminus of 
polyglycine is protected by a r-Boc group. Polyglycine is conjugated through its 
carboxy terminus to ceramide forming an ester linkage, as described in Anderson et 
al., ibid. The resulting compound is then conjugated through the amino tenninus of 
the polyglycine residue. The amino terminus of Compound 8 is also protected by 
a f-Boc protecting groiq). Conjugation with polyglycyl-sphingosine takes place 
between the amino terminus of the polyglycyl spacer moiety and tiie carboxy 
terminus of the HIV-1 protease faihibitor. This reaction is carried out in the presence 
of DEAD and triphenyl phosphme as described in Examples 1 and 2. Following this 
conjugation, the amino terminus of the HIV-1 protease inhibitor residue is 
deprotected according to tfie metiiod of Matsuura et al., ibid. Ceremide/drug 
conjugates are flien linked to microparticles as described in Example 1. 

EXAMPLE 4 

An antiviral compound is prepared wherein ceramide is first conjugated to a 
first end of an oligomeric 3-hydroxy propanoic acid spacer tiirough an ester 
functional group, and wherein AZT is conjugated to a second end of said polyester 
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Spacer through a phosphodiester bond. First a polyester spacer is obtained, having 
a carboxyl at a first end and a triphenylmethyl group esterified to a second end. 
This spacer is conjugated to ceramide at its first end through an ester functional 
linker group according to the method of Anderson et aL, ibid. This compound is 
5 then conjugated through the second end of the spacer compound to AZT 
monophosphate by means of a phosphodiester bond according to the method of Baer 
(1955, Can, J, Biochem. Phys. 34: 288). In this antiviral compound, the bond 
breakage between the spacer and the drug would be slow in the absence of a 
phosphohydrolase. This reaction scheme is illustrated in Figure 4. Ceremide/drug 
10 conjugates are then linked to microparticles as described in Example L 

EXAMPLE 5 

An antivu-al compound wherein phosphatidic acid, phosphatidyl choline, 
phosphatidyl serine, phosphatidyl inositol, phosphatidyl glycerol or 

15 phosphatidylethanolamine is linked through a phosphoester linker functional group 
to the antiviral drug azidothymidine (AZT). Phosphatidic acid, phosphatidyl choline, 
phosphatidyl serine, phosphatidyl inositol, phosphatidyl glycerol or phosphatidyl 
ethanolamine is conjugated to AZT according to the method of Salord et al. (1986, 
Biochim. Biophys, Acta 886: 64-75). This reaction scheme is Ulustrated in Figure 

20 5. Phospholipid/drug conjugates are then linked to microparticles as described in 
Example 1. 

EXAMPLE 6 

An antiviral compound is prepared wherem aminohexanoyl sphingosine is 
conjugated to AZT. Aminohexanoyl sphingosine is conjugated with AZT according 
25 to the method of Kishimoto (1975, Chem, Phys. Lipid 15: 33-36). This reaction 
scheme is illustrated in Figure 6 to yield ammohexanoyl sphingosine conjugated to 
AZT through a phosphoramide bond. Such conjugates are then linked to 
microparticles as described in Example 1. 

30 EXAMPLE 7 

An antiviral compound consisting of ceramide conjugated to AZT- 
monophosphate is provided. Ceramide is reacted with AZT-monophosphate in the 
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presence of dicyclohexylcarbodiimide as described in Smith and Khorana (1958, J. 
Amer. Chem. Soc. §0: 1141) to yield ceramide conjugated through a phosphodiester 
bond to AZT-monophosphate. This reaction scheme is ilhistrated in Figure 7. The 
AZT/polar lipid conjugate is then linked to a microparticle as described in Example 
1. 

EXAMPLES 

An antiviral compound is prepared wherein ceramide is conjugated through 
an ester functional group to a first end of a polyglycine spacer, and wherein AZT is 
conjugated through a phosphoester functional group to a second end of the 
polyglycine spacer. Ceramide is first conjugated through an ester ftmctional group 
to a first end of a polyglycine spacer (as described in Example 2). The ceramide- 
polyglycine compound is then conjugated through a phosphoester bond to a second 
end of the polyglycine spacer to AZT monophosphate according to the method of 
Paul and Anderson, ibid. This reaction scheme is illustrated in Figure 8. 
Conjugates as prepared herem are then linked to prepared microparticles as described 
in Example 1. 

EXAMPLE 9 

The effect of presenting a biologically active compound such as a drug to 
mammalian cells as a prodrug covalently linked to a polar lipid carrier moiety was 
determined as follows. The antifolate drug methotrexate was conjugated with a 
variety of polar lipid carriers via organic spacer moieties having specific reactive 
functional groups. A representative sample of such compounds is shown in Figures 
9A through 9C, wherein MC represents Mtx linked to sphingosine via an amide bond 
to a 6-aminohexanoic acid spacer, MEjC represents Mtx linked to sphingosine via 
an ester linkage to a 6-hydroxyhexanoic acid spacer, and MSG represents Mtx linked 
to sphingosine via a salicylic acid ester linkage to a 6-aminohexanoic acid spacer. 
Also snidied was a conjugate of azidothymidine linked to sphingosine via an ester 
linkage to a 6-hydroxyhexanoic acid spacer (N-AZT-ceremide). The compounds 
were tested for their growth inhibitory effects on murine NIH 3T3 cells growing in 
cell culture. About one million such cells per PlOO tissue culture plate were grown 
in DMEM media supplemented with 10% fetal calf serum (GIBCO, Grand island, 
NY) in the presence or absence of a growth-inhibitory equivalent of each prodrug. 
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Cell numbers were determined after 70 hours growth in the presence or absence of 
the prodrug. In a second set of experunents was included in the growth media an 
amount of a brain homogenate containing an enzymatically-active esterase. 

The results from these experiments are shown in Table L As can be seen 
from these data, the MC prodrug had no effect on the growth and survival of the 
cells. This result did not change upon co-incubation with the esterase-containing 
bram extract, which was expected due to the nature of the drug/spacer linkage (an 
amide bond). A different result was obtained with the MEgC conjugate. The 
prodrug was ineffective in inhibiting cell growth or survival in the absence of brain 
extract. Upon addition of the brain extract, a significant increase in Mtx cytotoxicity 
was observed. This is consistent with cleavage of the ester linkage by the brain 
extract-derived esterase. A similar result was obtained with the MCS conjugate, 
indicating that the brain extract esterase activity was capable of cleaving the salicylic 
acid ester. 

Table II shows the results of drug uptake studies performed with the prodrug 
N-AZT-ceremide. Antivkal amounts of the prodrug conjugate were added to NIH 
3T3 cell cultures, and the antiviral activity of the prodrug was found to be equivalent 
to the activity of free AZT. In addition, upon removal of the prodrug, mtracellular 
retention of prodrug was found to be upto 15-fold higher than free AZT (Table II) 
over a 23h period. 

These results indicate that for Mtx-containing conjugates, the free drug must 
be released from the prodrug for biological activity. These results suggest that 
specific release of this drug, and perhaps others, can be achieved using cleavable 
linker moieties that are specifically cleaved only in pathogen-infected cells. 
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EXAMPLE 10 

Antimicrobial agents of the invention are used as follows. The antimicrobial 
agent or a negative control (saline) are administered to an animal infected with a 
microbial pathogen using both optimal and suboptimal dosages and the most 
appropriate route of administration. After an optimal time period (determined from 
the nature of the infection), phagocytic cells are collected from the animal and tested 
for infection with the microbial pathogen. Phagocytic cells from peripheral blood 
are isolated using conventional methods (iFicoll-Hypaque density gradient 
centrifiigation) and tested for the presence of infectious microbial pathogens using 
conventional immunological, microbiological and biochemical testing protocols (see 
Laboratory Test Handbook, Jacobs et ai, eds., Lexi-Comp, Inc: Cleveland, OH, 
1994; Clinical Laboratory Medicine, McClatchey, ed., Williams & Wiklins: 
Baltimore, MD, 1994; Clinical Diagnosis and Management by Laboratory , 18th Ed., 
J.B. Henry, ed., W.B. Saunders: Philadelphia, 1991). 

It should be understood that the foregoing disclosure emphasizes certain 
specific embodiments of the invention and that all modifications or alternatives 
equivalent thereto are withm the spirit and scope of the invention as set forth in the 
appended claims. 
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What is claimed is: 

I. A composition of matter comprising a biologically-active compound, 
a microparticle, and a cleavable linker moiety comprising two linker functional 
groups, wherein the cleavable linker moiety has a first end and a second end and 

5 wherein the microparticle is attached to the first end of the linker moiety through a 
first linker functional group and the biologically-active compound is attached to the 
second end of the linker moiety through a second Imker functional group, and 
wherein the cleavable linker moiety is specifically cleaved inside a phagocytic 
manmialian cell infected with a microorganism. 
10 2. The composition of matter of Claim 1 wherein the biologically-active 

compound is a peptide. 

3. The composition of matter of Claim 2 wherein the peptide is an 
antimicrobial peptide. 

4. The composition of matter of Claim 1 wherein the biologically-active 
15 compound is a drug. 

5. The composition of matter of Claim 4 wherein the drug is an 
antimicrobial drug. 

6. The composition of matter of Claim 1 wherein the biologically-active 
compound is a toxin. 

20 7. A composition of matter according to Claim 1 whcrem the cleavable 

luiker moiety is chemically cleaved inside a manmialian phagocytic cell infected with 
a microorganism. 

8. A composition of matter according to Claim 1 wherein the cleavable 
linker moiety is a substrate for a protein having an enzymatic activity, said protem 

25 being specifically produced in a mammalian cell infected with a microorganism. 

9. The composition of matter of Claim 8 wherein the cleavable linker 
moiety is a substrate for a protein produced by the infected mammalian cell. 

10. The composition of matter of Claim 8 wherein the cleavable linker 
moiety is a substrate for a protein produced by tiie microorganism infecting the 

30 infected mammalian cell. 

II. The composition of matter of Claim 1 optionally comprising a polar 
lipid moiety comprised of one or a plurality of polar lipid molecules, wherein the 
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polar lipid moiety is covaiently linked to either the biologically-active compound or 
to both the biologically-active compound and the cleavable linker moiety. 

12. The composition of matter of Claim 1 1 wherein the polar lipid moiety 
is linked to the biologically-active compound through an organic spacer moiety 
comprising a first fimctional linker group and a second functional linker group. 

13. The composition of matter of Clafan 12 wherein the organic spacer 
moiety allows the biologically-active compound to act without being released from 
the polar lipid moiety at an intracellular site. 

14. A composition of matter according to Claim 12 wherein the organic 
spacer moiety allows the facilitated hydrolytic release of the biologically-active 
compound at an intracellular site. 

15. A composition of matter according to Claim 12 wherein the spacer 
allows the facilitated enzymatic release of the biologically-active compound at an 
intracellular site. 

16. A composition of matter according to Claim 12 wherein the polar lipid 
is sphingosine, ceramide, phosphatidyl choline, phosphatidyl glycerol, phosphatidyl 
ethanolamine, phosphatidyl inositol, phosphatidyl serine, cardiolipin and phosphatidic 
acid. 

17. A composition of matter according to Claim 3 wherein the peptide is 
a defensin peptide. 

18. A composition of matter comprising a biologically-active compound, 
a porous microparticle, and an organic coating material, wherein the biologically- 
active compound is impregnated within the porous microparticle, and said 
microparticle is coated with the organic coating moiety, and wherein the organic 
coating material is specifically degraded inside a phagocytic mammalian cell infected 
with a microorganism to allow release of die biologically-active compound withm the 
infected cell. 

19. The composition of matter of Claim 18 wherein the biologically-active 
compound is a peptide. 

20. The composition of matter of Claim 19 wherein the peptide is an 
antimicrobial peptide. 

21 . The composition of matter of Claim 18 wherem the biologically-active 
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compound is a drug. 

22. The composition of matter of Claim 21 wherein the drug is an 
antimicrobial drug. 

23 . The composition of matter of Claim 18 wherein the biologically-active 
S compound is a toxin. 

24. A composition of matter according to Claim 18 wherein the organic 
coating material is chemically degraded inside a mammalian phagocytic cell infected 
with a microorganism. 

25. A composition of matter according to Claun 18 wherein the organic 
10 coating material is a substrate for a protein having an enzymatic activity, said protem 

being specifically produced in a mammalian cell infected with a microorganism. 

26. The composition of matter of Claun 25 wherein the organic coating 
material is a substrate for a protein produced by the infected mammalian cell. 

27. The composition of matter of Claun 25 wherein the organic coating 
15 material is a substrate for a protein produced by the microorganism infecting the 

infected mammalian cell. 

28. The composition of matter of Claim 18 optionally comprising a polar 
lipid targeting moiety comprised of one or a plurality of polar lipid molecules, 
wherein the polar lipid moiety is covalently linked to the biologically-active 

20 compound. 

29. The composition of matter of Claim 28 wherein the polar lipid moiety 
is linked to the biologically-active compound through an organic spacer moiety 
comprising a first functional linker group and a second functional linker group. 

30. The composition of matter of Claim 29 wherem the organic spacer 
25 moiety allows the biologically-active compound to act without being released from 

the polar lipid moiety at an intracellular site. 

31. A composition of matter according to Claim 29 wherein the organic 
spacer moiety allows the facilitated hydrolytic release of the biologically-active 
compound at an intracellular site. 

30 32. A composition of matter according to Claim 29 wherein the spacer 

allows the facilitated euTymatic release of the biologically-active compound at an 
intracellular site. 
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33. A composition of matter according to Claim 29 wherein the polar lipid 
is sphingosine, ceramide, phosphatidyl choline, phosphatidyl glycerol, phosphatidyl 
ethanolamine, phosphatidyl inositol, phosphatidyl serine, cardiolipin and phosphatidic 
acid. 

34. A composition of matter according to Claim 20 wherein the peptide 
is a defensin peptide. 

35. A method of killing a microorganism infecting a manmialian cell, the 
method comprising contacting said cell with the composition of Claim 5. 

36. A method of killing a microorganism infecting a manmialian cell, the 
method comprising contacting said cell with the composition of Claim 22. 

37. Use of the composition of matter of Claim 5 for preparing a 
medicament for treating a microbial infection in a himian wherein the infecting 
microbe is present inside a phagocytic cell in the human. 

38. Use of the composition of matter of Claim 22 for preparing a 
medicament for treating a microbial infection in a human wherein the infecting 
microbe is present inside a phagocytic cell in the human. 

39. A pharmaceutical composition comprising the composition of matter 
of Claim 1 in a pharmaceutically acceptable carrier. 

40. A pharmaceutical composition comprising the composition of matter 
of Claim 18 in a pharmaceutically acceptable carrier. 

41. A composition of matter according to Claim 11 wherein the organic 
spacer moiety is a peptide of fonnula (amino acid)„, wherein n is an integer between 
2 and 100 and the peptide comprises a polymer of a particular amino acid. 

42. A composition of matter according to Claim 28 wherein the organic 
spacer moiety is a peptide of formula (amino acid)^, wherein n is an integer between 
2 and 100, and the peptide comprises a polymer of a particular amino acid. 
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3. rj As only some of the required additional search fees were timely paid by the applicant, this iniemational search report 
covers only those claims for which fees were paid, specifically claims Nos.: 



4. No required additional search fees were timely paid by the applicant. Consequently, this international search report is 

restricted to the invention first mentioned in the claims; il is covered by claims Nos.: 



Remark on Protest | [ The additional search fees were accompanied by the applicant's protest. 

I I No protest accompanied the payment of additional search fees. 
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